Today globally distributed software development has become the norm for many organizations and the popularity of implementing such an approach continues to increase. In these circumstances a strategy often employed is the use of virtual software development teams. Due to the collaborative nature of software development this has proved a difficult and complex endeavor. Research has identified distance in its various forms as an important factor which negatively impacts on global software development and on virtual software team operation in particular. In this context, the aspects of distance have been defined as temporal, geographical, cultural and linguistic. A key element for the success of any team based project is the development of trust and cooperation. Each aspect of distance can negatively impact on the development of trust and hamper cooperation particularly in the virtual team environment. An additional factor which this research identified is the importance and negative impact fear plays. The serious implications of these factors are due to the need for dependence on asynchronous and online communication which is inherent to global software development and the operation of virtual software teams in particular. The findings presented here are the results from four independent studies undertaken over a twelve year period which consider each of these issues. Having identified the problems associated with trust and communication, how these issues were successfully addressed and managed on a multimillion dollar project which was heading for failure is outlined.
Virtual Software Teams
A popular approach when implementing a GSD outsourcing or offshoring strategy is the establishment of virtual teams. The virtual team has been described as the core building block of the virtual organization [25] . A traditional team has been described as a social group of individuals who are collocated and interdependent in their tasks. They undertake and coordinate their activities to achieve common goals and objectives and share responsibility for outcomes [62] . Virtual teams have the same goals and objectives as collocated teams, but operate across, geographical locations, time zones and are linked by communication technologies [52] . A virtual team has been formally defined as a team whose members use the Internet, intranets, extranets and other networks to communicate, coordinate and collaborate with each other on tasks and projects even though they work in different geographical locations [58] . The virtual team differs from a traditional collocated team in that its members are distributed across geographical sites, but remain interdependent in their tasks [52] . Virtual teams also normally operate in a multicultural and multilingual environment, which often cross divisional or organizational boundaries [28] .
Focus of this Work
The focus of this work is the development of trust in the virtual software team environment. Professional software development is complex and normally team based. It is therefore important to recognize it is not just a technical activity. It also has important social, collaborative and knowledge sharing aspects which are key to its success [48] . In the past this fact has often been overlooked or trivialized. A key factor which is essential for the development of effective social, collaborative and knowledge sharing relationships is trust [42] . This is the case in collocated software teams and is even more important when operating in a virtual team environment [56] . As Handy (1995) states "Virtuality requires trust to make it work: Technology on its own is not enough" [35] . In these circumstances it is relevant to note that the development of trust in a virtual team can be a difficult and complex endeavor [4] .
The virtual environment and distance both negatively impact on the development of trust [9] . The loss of face to face contact hinders the development of relationships between virtual team members [16] . The requirement to utilize asynchronous communication tools limits contact and knowledge sharing [15] . This is often compounded by team members in different locations having difficulty communicating due to their knowledge of English and / or the use of different dialects of the language [20] . Cultural differences can also lead to misunderstandings and misrepresentation of the actions and activities of remote colleagues [8] . Each of these factors can negatively impact on the development of trust between virtual software team members.
A major issue which until recently was not fully appreciated in the context of globally distributed software development is the negative impact that fear can have on the effective operation of virtual teams [61] . This is particularly relevant with regard to the development and maintenance of trust [19] . To be effective virtual teams must operate in a cooperative and collaborative manner. Fear has been identified as a key inhibitor for the establishment and operation of cohesive and motivated virtual teams [15] . These problems have often been exacerbated in organizations utilizing what has been termed the "cost and productivity mantra" [17] . This is where management inform virtual team members located at the offshoring or outsourcing location that their remote colleagues cost a lot less than they do. As a result they should therefore be more productive and value adding [14] . The objective of utilizing this approach is twofold, one to maintain or reduce costs in the outsourcing or offshoring location and two to motivate staff and increase productivity. On both counts, as the results from the studies presented in this paper clearly demonstrate, this approach has failed and negatively impacted on the operation of the respective virtual teams and projects [20] . Fear limits or prevents communication, collaboration, knowledge sharing and hinders cooperation which all negatively impact on the development of professional relationships and trust between virtual team members. Having identified the problems associated with building trust in the virtual software team environment, it is important to consider how these problems can be successfully addressed.
The research, on which this work is based, has been undertaken over a twelve year period. The first study took place from 1998 to 2000 and the second study took place from 2001 to 2003. The third study was undertaken over a four year period from 2003 to 2007. The fourth study began in 2007 and having produced a number of results, is ongoing. Given the longitudinal nature of this research, it is relevant to note that similar results are still being identified by others, who are investigating this area [59] .
The key point of this paper is to highlight the important role trust plays in the successful operation of virtual software teams. In this context it is also important that the factors which hinder the development of trust are identified, understood and addressed. These issues need to be considered at the team level which is discussed in section 7. They also need to be tackled at the organizational level, to this end a structured approach to the establishment and operation of virtual software teams has been developed [18] , [20] . In addition, based on the results which have been achieved from these studies, research is underway since 2009 on how these findings can be incorporated into measures to address these issues from an industry wide perspective. Both of these topics are considered in section 8.
Research Studies
As outlined in section 1 the findings presented in this work are based on the results from four independent studies undertaken over a twelve year period. Virtual software teams were selected as the basis for this research given their level of exposure to the full implications of operating in a globally distributed environment. In this context it is recognized that the findings which are presented here have relevance not only to the operation of virtual software teams, but also to the other types of GSD offshoring and outsourcing strategies which can be employed [45] .
The four studies are classified under the GSD strategy headings outlined by Hayes [37] :
1. Local offsite software development: Virtual team members were both part of the same organization and were dispersed over two locations one hundred and fifty miles apart, in the same country.
2. Offshore / nearshore software development: Virtual team members were located in the United States and Ireland. The project was a partnership between a US based financial organization and the Irish division of a US multinational. The sites were geographically distant, but they were considered linguistically and culturally nearshore.
3. Offshore software testing: Virtual team members were geographically, linguistically and culturally distant, with members based in Ireland and Malaysia. In this study both sites where divisions of the same US multinational organization. The Irish division had been the recipients of offshored projects from their US parent for the previous twenty years and they were now responsible for offshoring part of their projects to Malaysia.
4. Offshore software development: This study is focused on offshore software development and virtual team operation. There is a specific focus on the factors and management issues that are particularly relevant for the recipients of this type of work. To achieve this objective research has been undertaken with three Indian based software development organizations. This study has delivered some results and is still ongoing.
Local Offsite Software Development
The goal of the first study was to research the operation and what turned out to be the subsequent failure of a local offsite virtual software development team strategy [7] . This strategy had been implemented subsequent to the takeover by a large Irish owned software organization Irish Computing Solutions (a pseudonym) of a small software company based in Dublin (the capital). The company, which had been acquired, had a proven track record in the financial and telecommunication software sectors. Having experienced some initial problems after the acquisition, these issues were promptly identified and addressed. As a result the operation was successfully managed for two years and integrated as a separate unit into Irish Computing Solutions. At that point it was decided that a new strategy should be implemented. This was to expand and develop the organization's market share as a whole by the establishment of local offsite virtual software development teams. Irish Computing Solutions had a software development center located 150 miles from Dublin which had lower labor costs than the capital. The objective was to leverage both locations and capitalize on the cost advantage which this strategy could provide.
Twelve offsite engineers were selected and provided with basic training in the technology and process with the goal of being partnered with six experienced Dublin based onsite engineers. After the training period two virtual teams were established and consisted of two sets of six offsite engineers who were partnered with three experienced onsite engineers. Considerable effort was put into providing the communication infrastructure, process and support for both virtual teams. A key objective of this approach was that the onsite engineers would mentor the inexperienced offsite staff and provide effective knowledge transfer. In reality, this did not take place. The experience of the offsite engineers can best be summed up in the following quote: "The onsite engineers won't tell us anything, they won't even return our calls." The majority of communication which took place was restricted to email and these were limited in the information they provided or were not always answered. This took place even though a number of different management strategies including a process improvement initiative were implemented to facilitate communication and cooperation between team members at both locations [7] . Given these circumstances within a period of six months of its full implementation the strategy had to be abandoned due to its total failure.
Offshore / Nearshore Software Development
The second study focused on what is termed offshore / nearshore software development. The concept of offshore / nearshore was derived from the fact that the research centered on a partnership between a US based financial organization Stock Exchange Trading Inc. and the Irish division of a US multinational -Software Future Technologies (both pseudonyms). Ireland though geographically offshore, is often considered nearshore, because of its linguistic and cultural similarities to the US [37] , [68] . The partnership between these two organizations resulted in the establishment of virtual teams to develop and maintain bespoke financial software. Stock Exchange Trading Inc. was the senior partner in this relationship.
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Previously all Stock Exchange Trading Inc. software development and maintenance activities were undertaken inhouse in the US. As a result of continued expansion the organization identified an increasing demand for software development and maintenance. They also realized that their in-house strategy had become too expensive. The solution was to find an efficient alternative, which would leverage the experience of their existing software development department while maintaining the level of quality and support required at a cost effective price.
Stock Exchange Trading Inc. had previously successfully outsourced their Y2K legacy renovation to an Irish based division of Software Future Technologies. The possibility of building on this relationship was identified and explored. After extensive negotiations a four-year contract was agreed and signed. The terms of this contract outlined that both companies would partner and establish virtual teams to undertake the development and maintenance of all Stock Exchange Trading's software applications.
After the selection and training of the Irish based team members, an unanticipated demand arose, which required seventy percent of the Irish team members to spend six to twelve months working onsite in the US in Stock Exchange Trading Inc. This unanticipated need arose from the requirement for the development of complex bespoke software within a short time period to meet the needs of a recently acquired subsidiary. When this demand was identified the virtual teams were in an early ramp up phase and the infrastructure for their operation was not complete. The solution was moving as many Irish team members as possible to work on site with their US based team colleagues for a temporary period. This proved to be an effective strategy and both groups operated very successfully while collocated within what were to eventually become their virtual teams. When the urgent projects were completed the Irish team members returned to Ireland and the virtual teams were established.
Initially everything went well, but soon serious problems were encountered with the operation of the virtual teams. An online communications war commenced between the US and Irish based virtual team members. Rather than utilizing email as a communication tool it was used primarily as a weapon to attack colleagues in the other location. This was initiated by the US based team members utilizing email to highlight any minor problems that arose with their colleagues in Ireland [13] . The Irish staff responded by adopting a similar negative approach. As a result this became normal practice in the day to day operation of the teams. This activity had the desired effect of highlighting minor problems, but it alienated the individuals it was directed toward. It also had a negative impact on their fellow team members at that geographical location, who saw it as an attack on their group as a whole [14] .
This situation was further compounded by management reacting to these emails and getting involved with issues that the relevant team leaders should have addressed. It was noted that the management in their response normally took the side of individuals where they were located. This negative approach directly led to the alienation of staff and management at both locations based on geographical and organizational lines [14] . The result was a breakdown in cross-site relationships, effective communication, trust and cooperation. It is of particular relevance to note these problems arose despite the fact the individuals involved had worked very successfully together for over a year when collocated. The severity of these problems negatively impacted on productivity and resulted in increased project overruns in time and costs. Within a short period of time this threatened the partnership between both organizations and urgent action was required [13] . Once the most urgent problems were identified and measures put in place to address them. The study considered why these issues had arisen and how to address the root causes of these problems. It then went on to investigate how best to leverage the advantages that the virtual team strategy could provide and this was successfully achieved.
Offshore Software Testing
The third study focused on offshore virtual team based software testing [9] and took place over a three year period. The study was undertaken in the Irish division of a US multinational, Computing World Inc. (a pseudonym) which had been operating in Ireland for over twenty years. Over that period, a large percentage of the projects undertaken were offshored from their US parent; therefore, the Irish staff and management were very familiar with having projects offshored to them. Two years prior to undertaking this study the Irish division of Computing World Inc. initiated a new strategy of establishing virtual testing teams with members based in Ireland and their Malaysian division. The objective of undertaking this approach was to leverage the technical ability of the Irish based staff with the competitive salary levels of the Malaysian engineers.
When this research commenced four virtual testing teams were in operation with the Irish based division. Two teams were established for over a year and a half while the other two had been in operation for a number of months. This study centered on two embedded units of analysis. One was a virtual testing team with members located in Ireland and Malaysia which had been in operation for a period of eighteen months. The second was a virtual team with a similar makeup, but had been established for six months. Each team specialized in testing specific software for different technologies.
Computing World Inc. supported this research and provided the opportunity for extensive on site access which was successfully leveraged. The implementation of a Yin [76] based case study allowed the preparation and structures to be put in place to maximize the opportunity which the high level of onsite access provided. The inductive
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Offshore Software Development
Having previously carried out research, which considered the perspective of remote project managers and staff who had been the recipients of outsourced software projects, in the Irish context [9] , [13] . The relevance of undertaking broader research in this area was appreciated. This was confirmed by a review of the relevant GSD literature. The outcome of which, highlighted that a large proportion of the published literature on globally distributed software development had centered on the requirements of Western organizations outsourcing or offshoring their software development activities. In these circumstances it was considered of value to undertake research which focused on the perspective of the recipients of this work in a broader geographical context. In particular it was considered pertinent to focus on the perspective and experience of remote managers.
Research was undertaken with senior personnel from two large Indian based software organizations and one small Indian software company. An inductive grounded theory based approach was employed [72] . The study comprised of five telephone interviews of one hour duration. The participants included a vice-president, chief consultant, two senior project managers and a project manager. It was recognized that the interviews had to be leveraged to ensure that the best use was made of each opportunity and the respondent's time. Given the inductive nature of the approach employed the objective at all times was to allow the respondents articulate what they considered relevant and to expand on these issues.
Interviews were conducted in both English and Hindi. The choice of language was left to the manager being interviewed and in the majority of cases they chose to mix the two. Flexibility in this area was considered important as it allowed the interviewees to express themselves in whichever language they felt most comfortable. Each interview was recorded with the interviewee's permission. These were then transcribed and translated into English where necessary. They were then analyzed in detail and the findings were identified and verified with the respondents. The results which emerged from the analysis of the data focused on the specific issues which were relevant for the establishment and operation of the relevant Indian based GSD teams [11] . This is an ongoing study and further research and analysis has taken place which has confirmed and expanded on the initial published findings [29] , [30] 
Methodologies
The selection and implementation of a relevant research methodology is a key aspect of any research based investigation. For each of the studies outlined considerable time and effort was employed to ensure the most appropriate methodology was selected and employed. In both the local offsite and offshore / nearshore software development studies the alternatives were evaluated. After due consideration the action research five-phase cyclical process based approach as defined by Susman and Evered [73] and Baskerville [1] was selected for both studies.
This methodology was deemed appropriate for both studies as the author held the position of software quality manager with Irish Computing Solutions, when the local offsite study was undertaken. There were similar circumstances with the offshore / nearshore software development study which commenced three years later with Software Future Technologies. As action research entails the analysis of the direct intervention of the researcher [33] , the objective in both studies was to leverage the research opportunities which this provided while maintaining the required level of objectivity.
Action Research
Action research is a variant of quasi-experiment research. The difference between action research and other methods of research is the collaborative nature of the relationship between the 'client' (the organization where the research is undertaken) and the researcher. Agreement between both is required at each milestone of the study [33] . This level of collaboration ensures acceptance of the definition of the problems and solutions proposed.
Action research consists of a five-phase cyclical process based approach as defined by Susman and Evered [73] and outlined in [1] - [2] The five-phases are executed within the boundaries of the client system infrastructure and are:
• Diagnosing
• Action Planning 
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• Specify Learning
The implementation of participatory action research [2] , [32] was of particular value. The bounded results based iterative approach afforded by the implementation of the action research strategy provided effective results for both the local offsite and offshore / nearshore software development studies.
Yin Based Case Study
The offshore software testing study required a different approach and research methodology than the previous two studies. When this investigation was undertaken the author was a fulltime researcher and was offered the opportunity to undertake extensive onsite research. The objective was to maximize the opportunities which this level of access facilitated. Having researched and considered the alternatives the requirement for a qualitative, structured, but inductive approach was identified. This resulted in the selection of a Yin [76] based embedded case study which incorporated a Strauss and Corbin grounded theory [72] based inductive approach to data gathering and analysis. A Yin based case study is normally considered a positivist qualitative research approach [47] . Therefore it was only selected for this study when it was clearly evident that it could be legitimately implemented utilizing an exploratory and inductive data gathering and analysis approach.
Empirical studies all have an implicit or explicit research design. Research design is defined by Yin (1994) as "an action plan for getting from here to there". The term here is described as the initial research questions and there as the conclusions reached. Central to the design of an efficient research plan is the requirement to put structures in place. The rationale for doing this is to ensure that the research remains focused on its fundamental goals and objectives. The focus of the offshore software testing study was that it should be carried out in an ideographic manner, which embarked on an exploratory journey of discovery that remained bounded in its relevant context while not being constrained by it.
When developing a research design for undertaking case study based research Yin [76] identifies five relevant components that should be addressed:
• The study's questions
• Its propositions, if any
• The unit(s) of analysis
• The logic linking the data to the postpositions • The criteria for interpreting the findings These were utilized as the basis for the research design for the offshore software testing study. Of particular relevance was the identification of the propositions.
Each proposition is defined as a mechanism for directing the researcher's attention to specific areas that should be focused on within the scope of a case study. This approach allows the researcher to develop theories prior to undertaking research as to what the possible outcomes of the investigation might be. Given the exploratory and inductive nature of the approach implemented in this study it was clear propositions were not applicable. Therefore it was very important to ensure this was an appropriate approach to employ. It was identified that Yin recognized that when undertaking exploratory case study based research there is a legitimate reason for not having propositions and he states:
"At the same time some studies may have a legitimate reason for not having any propositions… in which a topic is a subject of 'exploration" [76] .
There was a requirement to consider what would determine the success of the investigation for the offshore software testing study. As a result the purpose and overall objectives of the research needed to be focused on and success determined by the achievement of these objectives [76] . This approach was not preemptive as to what the findings might be. Rather it was broad enough to consider what factors could constitute success.
In a similar way the logic linking the data to the propositions and the criteria for interpreting the findings, were related. Both components were linked to the data analysis stage of the case study. As a result of the exploratory nature of the strategy implemented in the offshore software testing study, the findings had to emerge from the data. Rather than linking the emergent data to the propositions there was a requirement to link the data to the overall purpose and objectives of the research.
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The research design was successfully utilized as the basis for the development of a case study protocol for this study. The protocol provided an overview of the research objectives. It identified the sources of data and briefly outlined the procedures for gathering information. It detailed the broad research questions as defined in the research design and also outlined the proposed analysis method. Yin (1994) states that a research protocol increases the reliability of case study based investigation and should be used as a guide to undertaking this type of research. The case study protocol was presented and agreed with the management of Computing World Inc.
Having agreed the case study protocol the next step was the identification of the scope of the units of analysis. It was determined that a single case study was the most effective method to employ. The rationale for selecting this approach was that it offered the opportunity to study what Yin (1994) terms a revelatory case. Yin goes on to point out the vulnerability of a single case study which must be reflected on, to minimize the possibility of misrepresentation. There needed to be ample opportunity to access and collect the necessary case study data. When both these areas had been satisfactorily addressed then an effective single case study strategy could be embarked on. As a result it was determined the single case study would incorporate two embedded subunits of analysis. These equated to the operation of two virtual teams within the testing department. These two subunits of analysis were representative of the testing department as a whole and were the primary focus for this study [9] .
Grounded Theory -Data Gathering and Analysis
To cater for the exploratory and inductive nature of the offshore software testing and offshore software development studies the implementation of grounded theory was selected as the most appropriate strategy for data gathering and analysis. The primary goal in implementing a grounded theory based strategy for both of these studies was to fully leverage the opportunities they provided. The author had prior professional experience and had previously carried out research in the area of virtual team operation, as outlined. He also had extensive knowledge of the GSD literature. In these circumstances for both studies it was important to facilitate the development of theories grounded in the data which they produced. It was also important to acknowledge previous experience and knowledge, but to ensure this did not impede or hinder the finding from either study. In these circumstances it was considered necessary to implement the key characteristics of a sophisticated grounded theory approach as outlined by Strauss and Corbin (1998) [72] . These include:
• The ability to step back and critically analyze situations In terms of grounded theory, data analysis is characterized by microanalysis which is a line-by-line review of data. This is undertaken with the objective of identifying initial concepts and defining their properties and dimensions. It is also utilized to identify relationships between these concepts. A key aspect of microanalysis is coding. Coding is defined as the process by which data is fractured, conceptualized and integrated to form theory [72] . The objective is to define, through questioning and theoretical comparison, the concepts and categories within the data and to determine their properties and dimensions. The overall goal is to achieve a better understanding of the data through a combination of open and axial coding.
Open coding is utilized to uncover, name and develop concepts and categories within the data. This process is termed conceptualizing. A concept is defined as significant phenomena, which has been identified and labeled as such in the data. Each concept has recognizable characteristics and dimensions, which allow it to be abstractly defined and coded. In this manner, data is broken down into discrete categories based on similarities and differences [72] .
Axial coding is a method employed to add depth and structure to the categories that have been identified in the data. This can provide insight into the structures that created the circumstances which facilitate the existence of such categories. The objective is to reassemble the data in a meaningful way to gain a better understanding of the phenomena and their internal and external relationships. Open coding and axial coding are not necessarily sequential events. Rather, they can be iterative activities which require numerous re-evaluations of the data as the analysis continues [71] .
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The practice of writing memos is a key element in the open and axial iterative coding process. In the context of Grounded Theory a memo is defined as: "The researcher's record of analysis, thoughts, interpretations and directions for further data collection" [72] . All these practices were employed in both studies. When the results emerged from the analysis of the data for both studies they were triangulated with the existing literature in the areas of virtual team operation, GSD, project management practice, Software Process Improvement (SPI) and relevant aspects of organizational theory.
Fear
A key finding from each of the independent studies was the negative impact that fear had on the successful operation of the respective virtual software teams [13] - [15] , [9] , [11] , [17] , [19] . Similar findings emerged from another independent study undertaken in Finland, which was presented and published at the International Conference on Global Software Engineering 2009 [61] . The authors of that paper acknowledge the relevance and corroborate the findings of the studies outlined here. They go on to state their findings, in many ways strengthen the conclusions about the origin and consequences of fear in GSD projects which have appeared in the authors published works on this topic [61] .
The findings from each study with respect to fear are briefly presented here in summary form.
Local Offsite Software Development
The first study focused on local offsite software development. During the initial iteration of the action research cycle a number of key factors, which ultimately contributed to the failure of the local offsite strategy was identified. These included communication, cooperation, knowledge transfer, motivational and trust related problems, but the extent and seriousness of these issues were not obvious. Measures were taken to try to address these problems, but they had very limited success [7] . It emerged later that during this phase of the research project there was reluctance on the part of the offsite engineers to provide full information about what was actually going on and how they were being treated. This only came to light when further iterations of the action research cycle were undertaken.
At that point it was noted, the cost advantage the offsite engineers could provide had been frequently highlighted by management. This was in contrast to the requirement for the onsite engineers to be more productive and value adding to justify their higher salaries. This point was frequently reiterated and used to justify holding salaries at their current level and to help increase productivity of the onsite engineers. In these circumstances it was not surprising to discover it was totally counterproductive. This was the first time the impact of what would subsequently become known as the cost and productivity mantra as discussed in section 1.2 was encountered. A significant finding from this study was the level of fear, the implementation of the local offsite strategy had generated. In particular, the negative and serious impact this had on the motivation of the onsite engineers who were directly responsible for sending the work offsite and supporting the effort.
It also became clear this directly impacted on the other factors identified. The failure of management to recognize this fact, had a direct affect on the operation of the virtual teams and ultimately contributed to the overall failure of the strategy. It is relevant to note the full extent of the level of non-cooperation, the severity of the communication problems and lack of trust between the offsite and onsite engineers did not clearly emerge until the later iterations of the action research cycle [17] .
Offshore / Nearshore Software Development
The second study investigated offshore / nearshore software development. An extensive investigation commenced to deal with the problems which were endangering the contract between Stock Exchange Trading Inc. and the Irish division of Software Future Technologies. It emerged during the initial iteration of the action research cycle that people who had worked very successfully together while collocated were now actively obstructing and blaming each other for all the problems that arose on their projects. This outcome was difficult to explain given the level of harmony achieved in their earlier collocated projects. The results from the initial investigation identified communication as the most pressing problem and the lack of trust, cooperation, cultural and process related problems as contributing factors. To address the issue of communication and the misuse of email to attack remote colleagues in particular a comprehensive communication policy was drawn up and implemented. While this addressed an important aspect of the problem it did not explain why this and other problems should have only arisen when the virtual team members were remotely located.
Further iterations of the action research cycle were undertaken. This resulted in motivation, the level of fear and the mistrust experienced by Stock Exchange Trading's virtual team members being identified as major contributing factors to the problems experienced. It emerged that while the majority of the teams were collocated in the US Stock Exchange Trading's virtual team members did not realize the full implications of the virtual team strategy. Once the virtual teams were established the possible impact on their day-to-day work, promotion and future employment prospects became clear. Management reinforced these negative aspects by utilizing the strategy to justify
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This paper is available online at www.jtaer.com DOI: 10.4067/S0718-18762010000200004 maintaining salaries at their existing levels. They also stressed the additional cost of US based staff and the need for them to be value adding to justify the extra expense which they incurred. As in the local offsite software development study the use of the cost and productivity mantra had serious implications for the operation of the virtual teams [13] .
The outcome of this negative approach was individuals who genuinely feared that their jobs would be lost. This manifested itself in a lack of cooperation, mistrust, alienation and on occasions outright obstruction when and where the opportunities arose [14] . This was met with a similar negative reaction from the Irish team members who did not understand why they were the recipients of such hostile and aggressive behavior from people who they had previously successfully worked with. Fear and the impact it had on motivating those located in the organization from which the work was outsourced was identified as a major contributing factor to the problems experienced. The substantial negative contribution this made to the other factors the research identified was also recognized.
Once the negative impact fear played was identified, measures were taken to make it clear that there was no threat to the future of Stock Exchange Trading's engineers as a result of working with their Irish based colleagues. Indeed the partnership provided long term job security as it facilitated software maintenance and development at a competitive price and to the required level of quality by leveraging the advantages offered by both locations. The only serious threat to job security was presented by the failure of the virtual team strategy. If that happened the only viable alternative was to outsource the whole operation to Eastern Europe, the Far East or Latin America. The recognition of this fact, along with measures to address specific fear related issues helped tackle the problems which were experienced. This was coupled with the introduction of a comprehensive communication policy, cultural training, up skilling and an inclusive approach to process improvement, which led to the establishment of a productive working environment between staff at both locations. Cooperation and trust was reestablished between the virtual team members and the contract was successfully completed [13] - [14] . A more detailed discussion on how this was achieved is presented in section 7
Offshore Software Testing
The third study, offshore software testing focused on the operation of virtual testing teams with members based in Ireland (the location where the work was offshored from) and Malaysia. Both sites were divisions of the same multinational organization Computing World Inc. A Yin based case study and a sophisticated grounded theory approach to data gathering and analysis were employed. The data generated from this study was analyzed and resulted in the identification of one hundred and twenty eight initial concepts. These were further refined and incorporated into forty nine intermediate categories. The central category to emerge from this study was the sustained level of fear of jobs being lost to Malaysia and the negative impact this had on the operation of the respective virtual teams. The part fear played emerged at an early stage of the investigation. As the study continued this was explored and further evaluated by observational
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This paper is available online at www.jtaer.com DOI: 10.4067/S0718-18762010000200004 research. Given the inductive nature of this study it was important that these findings were investigated further and reinforced by emerging directly from the analysis of the data which included interviews, questionnaires and focus groups. Even then alternative explanations were explored, but they only reinforced the previous findings. The identification of fear and its selection as the central category was based on the evidence of the significant impact it had on the operation of the virtual software testing teams. Instances of its effects were numerous and of a substantial and serious nature. While it had significant independent repercussions for the operation of both teams, it also impacted directly on important aspects of the other three high-level categories identified by this investigation which have been outlined in detail in [9] , [16] , [19] .
Of particular relevance was how fear prevented the development of trust and cooperation [19] and how online communication was utilized to hinder the development of effective working relationships between virtual team members [9] . It also obstructed knowledge sharing and the provision of direct support between both locations. This took place in the context of the Irish and corporate management both regularly reinforcing the fact that the Malaysian engineer cost on average two fifths the salary of a comparable engineer in Ireland. This was used in an effort to motivate staff and as a mechanism to increase productivity. Just as in the two previous studies the use of the cost and productivity mantra was totally counterproductive and had a very negative impact as it demotivated the Irish staff. It also added to the level of fear and mistrust between the Irish and Malaysian virtual team members [17] .
The Irish team members and managers lack of knowledge of the culture of their Malaysian colleagues also led to misunderstandings that reinforced the level of fear and mistrust which they experienced. In this context power distance clearly emerged from this study as a relevant issue [69] . The Malaysian staff demonstrated an unquestioning attitude to authority [75] . This resulted in their perceived agreement with everything that was said, not expressing an opinion, providing very little feed and saying yes to every management request. As one Irish team member stated: "I would say they (the Malaysians) are playing politics with people…I would say how they manage their part of the team over there, there is a lot going on we are not being made aware of… Would they actively be trying to undermine us? … they would not be saying they were doing it" [8] . In these circumstances it was not surprising that cultural differences added to the overall levels of concern felt by Irish team members for their future. Fear and its influence on trust, communication, knowledge sharing and cooperation all negatively impacted on the operation of the virtual teams and their projects. These problems had serious implications for the success of the projects and the offshoring strategy [8] .
Offshore Software Development
The fourth study focused on offshore software development and was an investigation into the experience of Indian managers who were responsible for managing software development projects which were outsourced to them. This research was undertaken with three Indian organizations. As a result of the inductive nature of the research the findings were structured under three main headings which emerged from the analysis of the data. These headings were team selection and establishment, team operation and the level of attrition. The team selection section focused on the key factors and issues the research identified which were relevant for the selection of Indian based software development teams and how these teams were effectively established. The team operation section considered dealing with GSD distance and the use of communication tools. It also incorporated the experience of Indian based Project Managers dealing with Western colleagues and clients. The level of attrition section focused on how these software organizations based in India held on to their existing staff in what is a very volatile labor market.
Of particular relevance was four out of the five respondents had experienced some level of sustained uncooperative and aggressive behavior from their remote colleagues and peers. This negatively impacted on communication, cooperation, trust and the overall performance of their projects. The experiences outlined were very similar to those highlighted in the other three studies which arose directly from fear that jobs would be lost to remote virtual team members and locations [11] .
Communication
Effective communication is a vital process in every organization [27] and is an essential element for successful globally distributed software development [57] . Trust fear and motivation directly impact on the level, content, and effectiveness of communication and the use made of communication tools. Individuals have to be motivated to use the tools which are provided and these must be adequate to efficiently do the job. As a result the level of communication which takes place, it must be adequate to meet the needs of the specific teams and projects.
In the local offsite software development study the onsite engineers' part of whose work was sent offsite were only motivated to communicate with their offsite colleagues in a very limited manner. As a result communication was kept to a minimum, telephone calls were not returned, emails only provided a limited amount of information and on occasions were not responded to and queries remained unanswered. When direct communication took place the discourse was curt and on occasions aggressive. This resulted in inexperienced team members in an offsite location who lacked the communication, support and knowledge transfer they so badly needed to carry out their work successfully. It became clear online communication was being utilized as a means to limit and control the amount and quality of information which was shared. It was also being used as a barrier in the development of personal
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relationships and trust by limiting any direct interaction. It is very easy to resent and dislike someone you do not know personally, particularly when they are perceived as a serious threat to your future [9] .
In the offshore / nearshore software development study, communication was used as a weapon with which to attack remote colleagues. This was primarily achieved thru the misuse of e-mail. The use of online communication for this purpose was relevant. The simple act of copying others on an email in itself is not necessarily a problem. Rather in this instance it was the premeditated and malicious use of this facility by virtual team members at both locations which facilitated it becoming a very serious issue. Managements' reaction to this problem in both organizations was also very relevant and the problem should have been identified and addressed at an early stage rather than being allowed to escalate. This study highlighted the necessity of having an effective communication policy in place to prevent or address this type of problem [13] . It also clearly demonstrated how communication tools could be misused to undermine and destroy trust in a virtual software team environment.
The offshore software testing study highlighted the use of email as a method of limiting information, knowledge transfer and personal contact, between the Irish and Malaysian virtual team members. This negatively impacted on the development of cooperation and trust which had serious repercussions for the effective operation of the virtual teams. An additional negative aspect to arise from the over reliance on the use of email was that issues normally took at least a day to be addressed. As there was an overlap in working hours between sites this was not utilized for synchronous communication. An important point to emerge from this study was that it is not enough to just provide communication tools, staff have to be trained and motivated to use them effectively. There was also a clear requirement for the implementation of a communication policy to help address these issues.
Training was provided for the Malaysian staff utilizing NetMeeting and conference calls. NetMeeting was a Microsoft product which offered basic video conferencing facilities which allowed PowerPoint presentations to be broadcast over the Internet. This approach to training proved unsuccessful and had to be abandoned. Without visual contact or knowledge of the technical and linguistic capabilities of participants, it was very difficult for the trainers to prepare material and assess how their presentations were received and understood in Malaysia. In addition a particular problem was that very little feedback was provided which proved to be a cultural issue [8] . The lack of face to face contact was identified as a serious problem and to address this, the trainers travelled to Malaysia to provide relevant courses. A number of key personnel from the Malaysian teams also travelled to Ireland for training. Both approaches provided better results than the online training strategy which had been initially implemented.
It also emerged from this study that there was a requirement for the adoption of a documented common vocabulary between sites. The experience level of some of the remote team members was very limited and included a large number of graduates. In these circumstances it should have been anticipated that they would not be familiar with the specific organizational terminology for artifacts, deliverables, procedures, steps, practices and acronyms. This problem was finally addressed by the establishment of a group of virtual team members focused on the development of a common vocabulary. The group consisted of four Irish members and four Malaysian members. The Irish members, based on their experience identified the terminology that they considered would be relevant. This list was sent to the Malaysians members for review. The list was reviewed amended and returned to the Irish members who wrote clear and concise definitions for the terms identified. These definitions were then reviewed by the Malaysian members and amended as required to add clarity and remove any possibility of ambiguity. Finally each definition was reviewed by a joint meeting of both the Irish and Malaysian group members, which took play by teleconference. Only when total agreement was achieved on each definition, was it accepted as part of the common vocabulary and published.
The results from the offshore software development study highlighted the importance that communication played in the successful operation of virtual software teams. The requirement for the selection of adequate communication tools was highlighted as was the importance of providing training in their use [18] . The need for a comprehensive communication procedure was identified. The importance of utilizing synchronous rather than asynchronous communication tools was recognized. It was also noted that the excessive use of email could lead to delays.
An interesting finding to emerge from the offshore software development study was in the Indian organizations where this research took place Instant Messenger was not used. It was seen as a possible security risk and was avoided in case of misuse. This is in contrast to its popularity and use as an effective communication tool when operating in a GSD environment [4] , [21] , [40] . In this situation Instant Messenger is normally utilized as a tool to facilitate informal discussion between remote colleagues [39] .
Trust
Trust in the organizational setting is defined as the "reciprocal faith in others intentions and behavior. In short we give what we get: trust begets trust, distrust begets distrust" [49] . The importance of trust has become increasingly recognized as a critical element in the successful operation of organizations and specifically of business, professional and employment relationships [51] . Trust is the foundation of successful cooperation amongst individuals within and between organizations. It is essential for the functioning of an organization and the units High levels of trust within an organization improves performance, efficiency, productivity, creativity and the overall results achieved [46] .
In collocated software teams trust takes time to build between team members and is recognized as an important factor for success. The addition of distance makes it more difficult to establish trust between remote colleagues [5] . Despite this, the development of trust is essential for successful virtual team based software development [67] . The importance of this point is reinforced by the following statements:
• "Webs of technology and trust link virtual teams" [53] • "Trust is pivotal in a global virtual team to reduce the high level of uncertainty endemic to the global and technologically based environment" [44] .
In these circumstances it is important to recognize that the lack of trust has been identified as an important consequence of globally distributed software development [5] , [24] , [41] , [60] . Therefore the establishment of trust in a globally distributed team environment is an important objective.
Cooperation between team members is essential for the successful operation of virtual teams. The term "teamness" [5] has been broadly defined as the ability of individuals to collectively collaborate and work effectively as a team [34] . Carmel (1999) has identified the loss of teamness as one of the five negative centrifugal forces which results from virtual team operation [5] . Distance has a negative impact on the level of teamness between remote colleagues [40] , coupled with the fact that it is not easy to successfully integrate geographically remote and culturally diverse individuals or groups into a single team [3] . Add the impact of fear and it is easy to understand why in these circumstances problems can and do arise.
In the virtual team environment to facilitate collaboration and cooperation there is a specific requirement for trust to be developed [65] , [69] . Trust is established through getting to know and building relationships between individual team members. When this is successfully achieved the results can be a motivated and cohesive team with a common purpose and shared goals and objectives. While this is the intention the reality is that the GSD environment directly militates against the establishment of trust.
Fear by its very nature undermines and inhibits the development of cooperation, trust and teamness. It is very difficult for individuals and groups to trust and build relationships with people who they fear are ultimately going to take their jobs. This was highlighted by the local offsite software development study where the onsite engineers mistrusted the offsite engineers and saw them as a potential threat to their future employment. In this instance trust was never established. This resulted in communication problems, limited knowledge transfer, uncooperative behavior, on occasions outright obstruction and ultimately the failure of the local offsite strategy [12] , [17] .
Even where trust and good relationships had previously existed as in the offshore / nearshore software development study they soon broke down under the pressure of this type of fear. A key element in that breakdown was the loss of trust between staff in both locations. This resulted in uncooperative behavior which saw email being used to attack each other. Every opportunity was taken to obstruct and highlight remote colleagues in a negative light. Rather than working as single teams, the virtual team members on all the teams were working to discredit each other based on geographical location. As a result project milestones were not met, budgets were exceeded and the projects were delivered late. There were serious problems regarding the quality of the software products that were delivered. If corrective action had not been taken this would have resulted in the failure of the strategy and the cancellation of a multimillion dollar contract.
In the offshore testing case study the lack of trust had serious implications for the success of the virtual team strategy. It is very difficult to trust someone you don't know. The development of trust was further inhibited as people feared they might lose their jobs to their remote colleagues. This resulted in the Irish team members endeavoring to limit their direct contact with their Malaysian colleagues. This lead to an over reliance on the use of email and it was the primary method of communication between remote team members. The Irish staff were actively encouraged to use the telephone and Instant Messenger, but they consistently made excuses and refused to do so. The reasons stated for their refusal were they did not know if they were contacting a man or a woman, or what order their remote colleagues first and surnames were in. The question why gender and / or the order of a person's name should prevent direct contact or why these issues had not been addressed were not satisfactorily explained. Even though, these questions were asked on numerous occasions. When the use of the organization's intranet was suggested as a location where team member's pictures, names and correct form of address from both sites could be displayed, the Irish staff rejected this suggestion. Clearly they were not motivated to use the range of communication tools provided. When they did communicate it emerged there was a general reluctance to provide information to their remote colleagues due to the level of fear they felt at the possibility of losing their jobs to the Malaysian division [9] .
In the offshore software development study the lack of trust between the staff at the outsourcing and those at the remote locations were highlighted as a serious problem. This manifested itself in a number of ways which included the need to record telephone conversations and save emails to insure that information which had been provided from the outsourcing locations could be validated if and when required. This practice was also seen as of a method of
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This paper is available online at www.jtaer.com DOI: 10.4067/S0718-18762010000200004 discouraging the communication of limited, misleading or inaccurate information. The fact that these measures had to be employed and were widely used, indicate how prevalent these types of problems had been.
The very structure of distributed software development facilitates the identification of remote colleagues as a common enemy [17] . Ironically a key motivator for a group is to have a common enemy [36] . In the four studies outlined here to a greater or lesser extent a clear "them and us" culture existed [60] between the virtual team members based on their geographical location. The reality was personal relationships between sites did not exist or had seriously broken down. Fear and the lack of trust negatively impacted on the building of effective cross-site relationships and cohesive teams. This resulted in clear examples of not wanting to cooperate and share knowledge with remote colleagues. All of these issues are key factors for successful project management and had serious implications for the success of all the respective projects researched.
How Trust was Reestablished and Developed
The second study focused on the establishment of offshore / nearshore virtual teams by US based Stock Exchange Trading Inc. and the Irish division of Software Future Technologies. As outlined in section 4.2 when the fears of the US based virtual team members of their jobs being lost to their Irish colleagues was identified, a number of measures were put in place. The first was an agreement was reached with the management of Stock Exchange Trading Inc. that they would no longer use the cost and productivity mantra. The use of this approach had clearly failed and proved to be divisive and counterproductive. There was a need for open and frank communication between the relevant management and staff of both organizations. It was important that the long term strategy was clear and the benefits it offered to both companies and their staff were articulated. This took place and the benefits of the strategy and the alternatives if it failed were presented and discussed. Having addressed the issue of fear it was considered important to reestablish cooperation and trust between the team members. The objective was to maximize the potential benefits the virtual team strategy could provide [14] .
Given the geographical distance and the limited opportunities for face to face contact the use of online communication tools were seen as key for the development and maintenance of trust between the virtual team members. Having addressed the problem of the misuse of email it was now utilized as a mechanism for collaboration and information exchange. Training on how to communicate effectively in the virtual team environment was provided to team members in both locations. It was recognized that personal contact and the development of cohesive and collaborative teams was necessary and a priority. To this end Instant Messenger was utilized to facilitate informal contact and its use was actively encouraged. This proved very successful and helped to restore and develop working relationships and reestablish trust between US and Irish based virtual team members.
Intranet sites were developed for each team to facilitate information sharing. Each team had its own pages which contained photographs and information about team members and their projects. It was also where project specific process documentation and templates were stored and accessed. Knowledge sharing was encouraged and bonuses were offered to those who contributed relevant information. The intranet was utilized to store and share this information and relevant documents and presentations were deposited in a knowledge base which all the teams had access to. Video conferences rather than telephone conferences were used to maximize face to face contact. It was considered important that at each meeting a few minutes were allowed for informal conversation and discussion.
A number of bespoke online tools were developed to facilitate configuration management and document exchange and approval. These proved very successful. The tools were developed in a collaborative manner with staff at both locations providing suggestions as to what they should contain and when relevant these were incorporated into the applications. In this way joint ownership of the tools was reinforced and suggestions for improvement were encouraged for inclusion in future versions.
The project managers played a key role in the development of trust. Every opportunity was utilized to develop collaborative and supportive teams. The project manager was responsible for insuring that the objectives of the offshore / nearshore strategy were clearly understood by all their team members in both locations. Communication was actively encouraged and monitored between team members across both sites. The goal was the development of professional relationships which would facilitate the reestablishment of trust between the virtual team members. The project managers saw this as a key objective and basis on which to build effective and collaborative virtual teams.
The performance of each team was evaluated as a single unit and not based on geographical location. This helped to reinforce a unified team approach and provided common goals, objectives and rewards. Within a short period of time teams with members who had been actively undermining each other were now communicating, cooperating and operating as unified teams, which delivered projects on time and within budget. It was agreed by both organizations that the virtual team strategy was now a success and the contract was successfully completed. The importance that the reestablishment and development of trust played was identified as a key factor in the achievement of that success.
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The contract was not renewed with the Irish division of Software Future Technologies. In the negotiations of the second contract, cost proved to be the deciding factor. Ireland was no longer a low cost location for software development and the focus of the Irish software industry was now knowledge based, niche centric and value adding. Therefore the Irish based Software Future Technologies was unable to compete on price and the contract went to India. It is relevant to note that Stock Exchange Trading Inc. continued to successfully utilize the modified virtual team strategy which this research made a substantial contribution in developing, with its new outsourcing partner [13] .
Implications
Having undertaken these four independent studies a totally unexpected outcome was the commonality of the findings which emerged. The research methodologies employed, ensured that every effort was made to prevent the findings from the previous studies influencing the outcome of those subsequently undertaken. This resulted in the identification of a number of GSD key factors which need to be addressed to facilitate the establishment and effective operation of virtual software teams [10] . As a result of this research it was clear that at the organizational level there was a need for guidance on how to implement a virtual team GSD strategy. Based on the results from these studies and to address this the "GSD Implementation Model" has been developed [20] .
The GSD Implementation Model provides a process through which organisations can approach the implementation of a GSD strategy. It is practical and comprehensive in its structured and iterative approach. Within its five phases it addresses the specific requirements of operating in a GSD virtual team environment based on the results from these studies. This is achieved by ensuring the rationale for undertaking a GSD strategy is clearly articulated and understood and that realistic objectives and goals are set. Senior management support is secured on achievable expectations based on the accurate evaluation of costs and risks. The required infrastructure, processes and supports are put in place to facilitate the operation of the virtual teams. Time and effort is put into effectively establishing and managing the teams. This includes addressing fear, facilitating communication and developing trust. An effective project management strategy based on the needs of the GSD environment is implemented. Key to the long term success of this approach is the documenting and leveraging of the experience gained implementing such a strategy [18] .
It was also recognized at an industry wide level that software process improvement maturity models were very limited in what they provided to deal with the specific issues, which are relevant to GSD projects and virtual team operation. To address this, work has been undertaken based on the results from these studies to develop an additional process area called "Global Teaming" [64] for the Capability Maturity Model Integration ® (CMMI ® ) [23] . The goal of this process area is to specifically address the requirements of developing trust and teamness in the CMMI ® global software engineering environment. The author is also actively involved in the development of a software process improvement model for the Medical Device Industry, called Medi SPICE [54] which is based on ISO 15504-5 [43] . This model will incorporate process areas that are specific to the requirements of operating in a global software distributed environment. These processes are currently being developed [55] and are based on the findings from these studies. The development of trust in the GSD and virtual team setting will be a key part of the GSD aspect of the Medi SPICE model.
Conclusion
Globally distributed software development and in particular the implementation of a virtual team based strategy is a difficult and complex endeavor. This has been discovered by many organizations that have implemented this approach and is highlighted from the results of the studies outlined in this paper. The social aspects of professional team based software development are very important and are often overlooked or not addressed. This is particularly relevant in a globally distributed virtual team environment When implementing such a strategy organizations must recognize that virtual teams operate differently to collocated teams, therefore they must be managed differently. These differences arise due to the complex and collaborative nature of software development and the impact distance introduces. In these circumstances a key problem is the establishment and maintenance of trust. This paper has focused on identifying this problem and outlining practical measures which have been successfully implemented to address it. Trust does not just occur, particularly in the virtual software team environment. It has to be actively facilitated, fostered and developed. Knowledge of the factors which prevent, undermine and facilitate trust is key to the success of every GSD and virtual software team strategy.
